Abstract
p300 [4] increases DNA-damage repair and promotes cell survival. Deacetylation of PPAR␥ and PGC-1␣ regulates the gluconeogenic/glycolytic pathways in the liver and fat mobilization in white adipocytes in response to fasting [7, 8] . SIRT1 [10] , p38 [11] , JNK [11, 12] are extensively studied. However, the possible involvement of SIRT1 in UV-induced skin cell damage is not fully studied.
Given that SIRT1 plays important roles in cellular apoptosis and cell survival, we undertook this study to investigate the role of SIRT1 in UV-induced cellular damage. In this study, we found for the first time that SIRT1 is functionally expressed in cultured skin keratinocytes. Both UV and H2O2, two major factors of skin cell damage, down-regulate SIRT1. ROS-mediated JNK activation is involved in UV-induced SIRT1 down-regulation. SIRT activator, resveratrol protects against UV-and H2O2-induced apoptotic cell death, whereas SIRT1 inhibitors such as sirtinol and nicotinamide as well as SIRT1 RNAi enhance apoptosis. Activation of SIRT1 deacetylates p53 after UV and H2O2 treatment, because nicotinamide and sirtinol as well as SIRT1 siRNA enhances UV-and H2O2-induced p53 acetylation. Our study provides evidence to support the notion that SIRT1 might be a novel target protecting UV/ROS-induced skin cell damage.

Materials and methods
UVB light apparatus
As previously reported [13] [14] [15] 
Cell culture
Spontaneously immortalized human keratinocytes (HaCaT cell line) were used as previously reported [15, 16] 
Western blot analysis
As described previously [15, 16] 
Assessment of the percentage of apoptotic cells
To detect apoptotic cells [15] 
SIRT1 RNA interference (RNAi) experiments
Statistical analysis
The values in the figures are expressed as the means Ϯ standard error (S.E.). The figures in this study were representatives of more than three different experiments. Statistical analysis of the data between the control and treated groups was performed by a Student's t-test. Values of P Ͻ 0.05 were considered as statistically significant.
Results
UV and H 2 O 2 down-regulate SIRT1 expression in cultured skin keratinocytes
To understand the role of SIRT1 in UV-induced cell signalling processes, we first tested the expression of SIRT1 in UV-and H2O2-treated skin keratinocytes. As shown in Fig, 1A Fig. 2A-D) . (Fig. 3A) , but has no effects on UV-induced AKT activation, which is known as a pro-survival signal (Fig. 3A and B Fig. 3D and E) . These data suggest that SIRT1 inhibits UV-induced JNK activation.
This result suggests that JNK activation is involved, at least in part, in UV-and H2O2-induced SIRT1 down-regulation. To further investigate the role of ROS in SIRT1 down-regulations, cells were pre-treated with antioxidant NAC (n-acetyl-l-cysteine). The results showed that NAC protects against UV-and H2O2-induced loss of SIRT1 (Fig. 2E-H). As expected, NAC pre-treatment inhibits UV-induced ROS production (Fig. 2I) and JNK activation (Fig. 2J). Collectively, our data suggest that ROS-mediated JNK activation is involved in UV-and H2O2-induced SIRT1 down-regulation.
SIRT1 modulates UV-induced JNK activation
SIRT1 negatively regulates UV-and H 2 O 2 -induced p53 acetylation
Previous studies have indicated that SIRT1 may function to promote cell survival [3, 20, 21] via direct interactions with several apoptotic proteins, including p53 [3] . We next tested the possible role SIRT1 in UV-induced p53 activation. As shown in Fig. 4A-D Fig. 6A whereas resveratrol delays the process (Fig. 6C) 
SIRT1 protects against UV-radiation-induced cell death
To further test the role of SIRT1 in UV-induced cell death, we pretreated cells with various SIRT1 inhibitors and activators and then exposed the cells with UV radiation. As shown in
hrs, acelyated p53 and T-p53 were detected by Western blot (A and B). HaCaT cells were also pre-treated with sirtinol (2 mM) or Rev plus sirtinol for 1 hr, followed by UV radiation for indicated time, acelyated p53 and T-p53 were detected by Western blot (C and D). HaCaT cells were pre-treated with Nico or sirtinol for 1 hr, followed by H2O2 (25M), acelyated p-53 and T-p53 were detected by Western blot (E and F). Wild-type and p53 knockout MEFs were pre-treated with Nico for 1 hr, followed by UV (G) or H2O2 (H), for indicated time-points, acetylated p53 and T-p53 were detected by
Discussion
In response to UV radiation, p53 tumour suppressor is activated and exerts anti-proliferative effects, including growth arrest, apoptosis, and cell senescence [22] . Following DNA damage, p53 protein is protected from rapid degradation and acquires transcription-activating functions, largely as a result of post-translational modifications [23] . Activation of p53 protein as a transcription factor allows it, in turn, to up-regulate the expression of genes whose products promote cell cycle exit, such as p21 WAF1 gene [24] , or of genes that favour apoptosis [25] . The p53 protein is phosphorylated in response to DNA damage by ATM at residue Ser15 [26] and at residue Ser20 by Chk1/2 kinases [26] . However, recent studies suggest that Ser15 phosphorylation does not lead directly to the functional activation of p53 protein.
Instead, it increases the affinity of the p300 acetylase for p53 [27] . This association leads to the acetylation of p53. Indeed, p53 is acetylated in vitro by p300 at Lys 370-373, 381, and 382 [28] . Moreover, at least two of these sites, namely residues 320 and 382, are found to be acetylated in vivo in response to DNA damage [29] . Among other factors that can affect acetylation of p53 are MDM2 protein and SIRT1, which are involved in the negative regulation of p53 [30] and are able to block acetylation of p53 protein by p300 [31] .
SIRT1 is a member of a highly conserved gene family (sirtuins) encoding NAD ϩ -dependent deacetylases. SIRT1 remains one of the most important cell signalling molecules that are associated with cell survival and longevity [2, 3] . In this study, we have evidence showing that SIRT1 plays protective role in UV-induced skin cell damage. We found that UV radiation and H2O2 induce p53 acetylation in cultured skin keratinocytes and MEFs cells (Fig. 4) , SIRT1, as a deacetylase, negatively regulate UV-induced p53 acetylation (Fig. 7A) , because SIRT1 inhibitors sirtinol and nicotinamide as well as SIRT1 siRNA enhance UV-induced p53 acetylation, whereas SIRT1 activator resveratrol enhances it (Fig. 4) . Considering recent study showing that acetylation is indispensable for p53 activation, we suggest that SIRT1 protects from UVinduced cell death, at least in part, by negatively regulating p53 acetylation (Fig. 6D) .
Previous studies have demonstrated that UV radiation induces down-regulation of a number of cellular proteins such as collagen and water channel protein aquaporin-3 or AQP-3 in both skin keratinocytes and fibroblasts [19, 32] . Interestingly, in this study, we observed that UV radiation also induces down-regulation of SIRT1 in cultured human skin keratinocytes (Fig. 1) acts as an activator of AMPK in both neuron and whole brain [33] , and the most recent study which indicated that AMPK activation might be involved in resveratrol's calorie resistant effect [34] . However, the detailed mechanism through which resveratrol activates AMPK and the biological function of these effects warrant further investigation. In summary, we found for the first time that SIRT1 is functionally expressed in cultured skin keratinocytes. Both UV and H2O2, two major factors of skin cell damage, down-regulate SIRT1 in a time and dose-dependent manner. Systematic studies revealed that ROS-mediated JNK activation is involved in UVinduced SIRT1 down-regulation (Fig. 7) . SIRT activator, resveratrol which has also been considered an important antioxidant, protects against UV-and H2O2-induced apoptotic cell death, whereas SIRT1 inhibitors such as sirtinol and nicotinamide as well as SIRT1 RNAi enhance apoptosis. Our study provides evidence to support the notion that SIRT1 might be a novel target protecting UV/ROS-induced skin cell damage leading to skin photoaging and skin cancer.
